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REMARKS 

Claims 1-2, 6-8, 16-17, 51-56, 58-60, 79-85 and 96 are pending in this application. 
By this Amendment, claims 7, 16 and 56 are amended and claims 97-1 12 are canceled 
without prejudice to our disclaimer of the subject matter disclosed therein. Reconsideration 
of the application is respectfully requested. 

Applicant thanks the Examiner for an indication that claims 1-2, 6, 51-55, 59-60, 
79-85 and 96 are allowed. 

The Office Action provisionally elects claims 97-98 for non-statutory obviousness- 
type double patenting over claims 1-18 of co-pending Application No. 10/357,708; claim 56 
over claims 1-30 of co-pending Application No. 10/332,057; and claims 97-98 over claims 
1-30 of co-pending Application No. 10/332,057. The cancellation of claims 97-98 renders 
their rejection moot. 

Moreover, with respect to claim 56, claims 1-30 of co-pending Application No. 
10/332,057 are patentably distinct from claim 56 of the above-identified application. Claims 
14-16, 18-25, 27-30 of co-pending Application No. 10/332,057 teach information light that is 
spatially modulated in phase based on information to be recorded, composite light which is 
generated by superimposing the reproduction light on the reproduction-specific reference 
light, and detecting means that detects the composite light. Support for these features can be 
found in Application No. 10/332,057 at, for example, paragraph [0101] and Fig. 3. These 
features are not part of the subject matter of 56 of the above-identified application, and are 
also not obvious over claim 56. Thus, withdrawal of the provisional double patenting 
rejection is respectfully requested. 

The Office Action rejects claims 7 and 56 under 35 U.S.C. § 103(a) over Curtis et al. 
(U.S. Patent No. 5,719,691) in view of Rembault (U.S. Patent No. 4,025,731) and Gabor 
(U.S. Patent No. 3,899,240); claims 97-98 under 35 U.S.C. §103(a) over Curtis in view of 
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Rembault and Gabor; claims 16 and 99 under 35 U.S.C. § 103(a) over Curtis in view of 
Rembault and Gabor and further in view of Liu et al. (U.S. Patent No. 6,272,095); and claims 
8, 17 and 58 under 35 U.S.C. §103(a) over Curtis in view of Rembault, Gabor, Liu, Van 
Rosmalen (U.S. Patent No. 4,638,471), Reid et al. (U.S. Patent No. 4,213,193) and Hays et al. 
(U.S. Patent No. 5,777,760). The rejections are respectfully traversed. 

With respect to claims 97-99, their cancellation renders their rejection moot. 
Moreover, none of the applied references, alone or in combination, disclose or suggest an 
optical information reproducing apparatus for reproducing two-dimensional digital pattern 
information utilizing holography from an optical recording medium having a reflecting layer 
and information recording layer that includes at least a reproducing optical system for 
illuminating the information recording layer with the reference light for reproduction on a 
same side of the information recording layer that is illuminated with the information light and 
the reference light for recordin g, using the reflecting layer as a reference plane to generate 
reproduction light, and for collecting reproduction light carrying the two dimensional digital 
pattern information on the same side of the information recording layer that is illuminated 
with the reference light for reproduction, as recited in independent claim 7 and similarly 
recited in independent claims 16 and 56. 

Curtis teaches holograms within an array that are recorded and/or read out by use of a 
reference/readout beam produced by illumination of a phase mask (Abstract). 

Rembault teaches an optical record that can contain the same track, the transcription 
of several simultaneous signals and is designed to be read out by means of a light source, the 
track being formed by fringes whose spacing varies as a function of the instantaneous 
amplitude of the signal being transcribed (Abstract). 
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Gabor teaches a method for making a discriminating hologram which can be used to 
distinguish similar subjects, and a method for distinguishing these similar subjects using the 
discriminating hologram (Abstract). 

Liu teaches an optical memory for storing and/or reading data on an optical disk, the 
optical disk incorporating a material in which holographic gratings can be created at plural 
locations within the disk, and an electro-optical head which is capable of creating these 
holographic gratings at any one of the plural locations (Abstract). 

However, none of these references disclose or suggest using the reflecting layer as part 
of the optical information reproduction apparatus. For example, as indicated in the paper 
entitled "Holographic Versatile Disk System," attached to this Amendment for the Examiners 1 
convenience, a defocused margin during reproducing of the holographic versatile disk that 
uses collinear technology exists. Accordingly, in collinear technology applications, it is 
important that the reproducing optical apparatus generates the focus using the reflecting layer 
as a reference plane , as recited independent claims 7, 16, and 56. Also, holographic 
information storage systems have been good candidates for recording and reproducing 
technology because of their large storage capacities and high transfer rates. Furthermore, 
none of the applied references disclose or suggest a reproducing optical apparatus that 
includes using the reflecting layer as a reference plane to illuminate with the reference light 
for reproduction, as recited in independent claims 7, 16 and 56. Accordingly, independent 
claims 7, 16 and 56, and their dependent claims, are patentable over the applied references. 
Thus, withdrawal of the rejections of the claims under 35 U.S.C. § 103(a) is respectfully 
requested. 

Finally, Van Rosmalen, Reid and Hays fail to cure deficiencies in Curtis, Rembault, 
Gabor and Liu in disclosing and rendering obvious the features of claims 8, 15 and 17, 
including the limitations of independent claims 7, 16 and 56. 
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In view of the foregoing, it is respectfully submitted that this application is in 
condition for allowance. Favorable reconsideration and prompt allowance of claims 1-2, 6-8, 
16-17, 51-56, 58-60, 79-85 and 96 are earnestly solicited. 

Should the Examiner believe that anything further would be desirable in order to place 
this application in even better condition for allowance, the Examiner is invited to contact the 
undersigned at the telephone number set forth below. 



Respectfully submitted, 




James A. Oliff 
Registration No. 27,075 



Tarik M. Nabi 
Registration No. 55,478 
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Alexandria, Virginia 22320 
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Holographic Versatile Disc System 

Hideyoshi Horimai 1 - 2 and Xiaodi Tan 1 
ABSTRACT 

can be placed on one side of the disc. Wkh the special £tot? °T ^ 85 smaU * DVD's, and 

readmg/writing address. A unique selectable ca^Sy r^X^'ot^^? ^ "* 1<3Cate 

introduced. Experimental and theoretical studies suggest thaUhe S Wavelet ^ sto dardizat,on activity are also 
enough to miniaturize the HVD system at a low cost ^D svs7em7^3r ^* f T are wide 

existing disc storage systems, like CD and DVD aSfwS eTbte u! to J 601111010 ^ ^ be compatible with 
information storage systems. le ^ to ^ »<* applications into other optical 

Ke^rd, ho.o^ stmse syMra _ opSeal ^ ^ ^ votoetric holography 

1. INTRODUCTION 

Optical discs based on the bit-by-bit method, such as m ™a r»\/r> *• * ■ 

contents are widely used in our dauy^Ufe TSe ^w?ba?ct^' f0I * 0Im 8 sound , ™™s, photos and other digital 
high-definition video and high-capaciry software aoS^ S * DlSC appeared last was developed for 
recording on a smgle-sidedTingle-Ta^^ <tc by emtLS a ?T thieve up to 27 GB higJW ensity 

aperture (NA=0.85) field lens to nSS^J^ii on SeT^^ 0 ^ ^ iad a ^ numericS 
0.1mm optical transmittance protection kyer^ToSble to d^lh X ^f*^ b J * disc structure with a 

due^S^ 

dramatic developments in the requisite compoSfor s^ch a^vstem '3, ,° f ^ in MSS haS resulted from * e 
(SLM) and complementary metal-oxide semfconlctor ( S^^^^S^l *** 
demonstration platforms using digital volume holomnW § sensors fl]. Within the last several years, unique 

called 2-axis holography, ^SSSalt hST^ *-? ^ 

reading process is separated spatially with an ^KKT^" ? ^ reference bea ™ of the recording and the 
system preventing the systejfrom ^ZSn Secolv ^ ' t** ^ " a COmplex Md ^ 
phase-coded multiplexing [3], ^^S^S^^^S^^l "ESP "« to ft. 

Actuation ofmestoragemecUashouldu^bestrica^on^ T empl °y ed noimall y- Spatial 

Tms, in turn, prevents the removability and mteroSgeaS rfSfiSST dampUlg s y ste ^ ^ indispensable. 

Thirdly, the hologram media are transmission "t™ 2^2, w ^ ? ^ ^^^on of the system, 
intercharigeability is assured. Tmfbamo^^Z^i \IZ^ Y add T ras , mfonnatlonont he discs, as a result, no data 
^gesysten.^ebit-by-bitstorageme^ 

d enSS^^^ 

produce a small, practical HISS more JSiy &an^v™£n 8 1^ ^ t0 S ° ] ? me P 10 ^ ^0"ed above, and can 
Preformatted reflective layer that is vnd.lyZ^Z^TZt^^^ * ^ paper ' We P ro P os « • 
and DVD) and is applied to HVD using QdliSJ^S^^Sf ™ ?! (like CD 

* The ^ ^j^~f 
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• , , • u, nm nhv and the defocus and de-track margins, as compared with DVD, are also 
compared with conventional 2-axis holography, and tne aei 

discussed. 

2. COLLINEAR TECHNOLOGY 
tan co»v=ntional 2-«is holognpby. <S^^^Sh^c bcsm. which a„ displayed simulunoocsly 
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Figure 2. A pair of two-dimensional digital data page panciua 
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then incident upon a quarter-wave plate (QWP). The laser beams, which are converted from a p-polanzed state to a 
c^ul^yTolS stL by the are focused onto the holographic recording disc by an objects lens where they 

S«e with each other. The interference pattern is recorded as a volume hologram m the disc. ** e ^SP™ff; 

outer ring pattern, as shown in Fig. 2(b), is displayed on the SLM to be used for creatag a reference beanx The 
Solarized laser beam passes through the PBS and is converted to a circularly polanzed state by me QWP, and is &en 
foctS^y the same objective lens aTused in the recording process. The ocularly polanzed 

beam which is dif&acted from the hologram and reflected by the reflective layer m the disc is sen back to the ^bjectrve 
ETandpLed through the QWP again The reconstructed beam, which is converted from a circular* polanzedstate to 
a^-pdaSed state, is reflected by L PBS and detected by a high-speed CMOS sensor. A laser wtfh red ^avelen^ i is 
Sed for^tical servo control to adjust the focal point of the objective lens onto the disc correcdy and to locate the 
S!o^m address in the disc. The servo and address information are pre-formatted in the disc as embossed pits. In order 
S elEate *e diffraction noise in the recording media caused by the embossed pits, a dichroic mirror flayer is used to 
refleS^r een (or blue) laser beams and let red laser beams pass through. The green (or blue) and red laser beams are 
combined on the same axis and separated by a dichroic mirror layer in the disc. 

The data page format based on the sub-page is used to eliminate the problems of illuminated intensity dis^bution in a 
data page dKtion and aberration of the optical system, tilting, and the estimation error caused ^7^^,,^ 
SovTS Fig. 3, the size of a sub-page (24x 2 4 pixels) depends on the parameters and the , ™* B ^£j?SffiJ 
of a system In each sub-page there are 32 byte data symbols (4^4 pixels) and a synchronous mark (8*8 p«els) in its 
center S synchronous symbol, which includes a 4x4 pixels rectangular block, is used to locate the f^V^ 
pSSe £ necessary coordinate information for data decoding. The sorting method and collation «^>-*»* 
Z from the threshold method are used to distinguish the ON-pixel and OFF-pixel states from the : reconstructed image m 
the decoding process. In this data page format the code rate is 0.5 and the white rate is about 19 /«. 



User data 



1101010 
0110101 
100111... 




Data page 



■ ■ ■ 



Sub page 



Sync mark 



Figure 3 . Data page format encoded from the user data to be used in the HVD system. 



3. RECONSTRUCTION EXPERIMENT AND SHIFT-SELECTIVITY 
In order to develop the HISS using Collinear Technologies, an optical system, as shown in Fig. 1 is setup. A &*™^ 
S 3 2mS is used for both reading and writing holograms and a red semiconductor laser 650nm) * m *°^^ 
ser^o^ontrol of focusing and addressing the holograms. A 2-D reconstructed data page image is detected by a high-speed 
CMOS sensor. 
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Figure 4. Reconstructed two-dimensional digital data page pattern image from the collinear holographic system. 




Figure 5 The reconstructed two-dimensional data page images from the hologram by shifting the position of recorded holograrnni 
both radial and tangential directions. The reconstructed images disappeared completely by 3 urn shift in both directions, indicating that 
the shift selectivity of Collinear Technology allows us to record holograms by overlapping at a pitch of at least 3pm. 
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disc. V ^^^ZT^^^JZT^ 1 **^^-.>*»-M. 

case, the stored data page pattern is set in black and whitP -iTi/i : e " y . T^ 06 P atte ni> as shown in Fig. '2(b). In this 
now, the experiment has shown that pixel errors Mr^^^^^^^9 d ^ T ^^- Up to 
error corresponds to almost one pixel error in the case of a W n^J f page ""P 1 ^ one symbol 

recording media we have decided that thTn^ber o f T T ° ""^ *• Performance the 
correspond to 100 pixel errors. number of symbol errors must be lower than 100, that is, when 100 symbol errors 

holo U g2m Z£l££gS£«» "J-* Collinear Technology, because the 

concerning the capacity of a HISS. The LSL^SJS rfL ^^ctivity is a very important parameter 
and Fig. 5 shows the reconstructed 2-D L^from^lo™ ^ C ° Umear Technology has been investigated, 
tangential directions. The reco^tructeT^Z^!^^ f, T ?** ^ b " n ^ * both ™»5 and 
^Collme.Tecb^^ 

InHVD ^ T STRUCTUR£ ^ ACTABLE CAPACITY RECORDING FORMAT 

structure schematically. The holograph matSaTSd ^Z^f *£ ure shows the six layers oflne HYD 
layer with pre-formatted address inforLnon. fiSed on SiStoSS^ " ph ° t0P ° lymer - ^ has a reflectiv * 
used in the recording and the reconstructing procesT ™,T5ii f °? USm ? servo ^ d ***** servo technology can be 
the objective lens and the disc, and ^^^^^^S^'T 11 * e distance potion of 

axial deflection or radial runout Further^ a^hr Jf n ? ? reconstructed m a HVD accurately even if there is 
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Figure 6. Schematic illustration showing a dichroic reflective 



structure disc 
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In order to eliminate the diffraction noise in the recording media caused by the embossed pits a dichroic mirror 
interlayer is placed between the recording layer the reflective layer. The red laser beams for optical servo control will 
reach the pre-formatted reflective layer, however, the green (or blue) laser beams for forming hologram is perfectly 
reflected by this dichroic mirror interlayer. The experiments have proved that the dichroic mirror interlayer eliminates 
diffraction noise effectively. 

The special disc structure which has mentioned above simplifies the optical systems allowing small and compact 
packaging on the same side of the disc. This method will enable us to construct a small volumetric optical disc storage 
system, compatible with existing disc storage systems, like CD and DVD. 




Figure 7. Electrical signal of the pre-formatted embossed -pit 

In HVD the holograms are recorded at a shift pitch in the radial and the tangential directions of the disc, so-called the 
shift-multiplexing method, and the recording density can-be improved by changing this shift pitch Because the hologram 
SorLg layer is separated optically from the pre-formatted layer, the shift pitch can be arbitrarily adjusted based on *e 
Scatim infc^auon obtained from the pre-formatted layer, and the storage capacity can be changed freely, this is the 
conSof o?me selectable capacity recording format. For example, in the case of a data page size :32Kbit recorded in a 
d,120mm disc, as shown in Fig. 8, a shift pitch of 20OGB/disc is 13 urn, 500GB/disc is 8 urn, and 2.2TB/disc is 4um. 
Stents have proven thafthe shift selectivity of the HVD system is 3um [7,11]. And the tracing pitch m the 
pre-formatted layer of HVD used presently is 1 .6jjm. 



200GB 



500GB 



2.2TB 






13 jim pitch 8 jim pitch 4 urn pitch 

Figure 8. Conceptual diagram of a preformatted reflective layer in HVD is used to assure date interchangeability. 



5. SYSTEM MARGINS 
In order to produce a small, practical and low cost HVD system, the investigation of system 

TneSt margin and wavelength margin compared with conventional 2-axis holography, and de-focus and de-tradc margms 
compared with DVD have been studied in experiments. In the experiment a thickness of 500 urn media is used. 



BEST AVAILABLE COPy 



The tilt margin of the HVD compared with conventional 2-axis holography is shown in Fig. 9. The diffraction 
efficiency of the hologram is calculated from the sum of the brightness of the center part pixels, which come from the 
information pattern of a reconstructed image received by CMOS image sensor. At 50% diffraction efficiency symbol 
error count is lower than 1 00, and at this point the tilt angle is up to 0. 18 degree. From Fig. 6, it is indicated that the tilt 
margin of collinear technology is over eight times larger than that of conventional 2-axis holography for the same thickness 
of the media [1,7]. 

In order to analyze the wavelength margin, the laser source of HVD system, as shown in Fig. 1, is exchanged to a dye 
laser pumped by an Ar + laser to change the wavelength. In the recording process, the write pattern, as in Fig. 2(a), is 
recorded into a disc at a certain wavelength. As for the reconstruction process, the reconstructed image of the page pattern 
is received by a CMOS sensor at a different laser wavelength in the recording process. Experimental results obtained at 
different laser wavelengths are summarized in Fig. 10. It is noted that the wavelength margin at 50% diffraction 
efficiency of collinear technology is over three times larger than that of conventional 2-axis holography for the same 
thickness of the media [1]. The symbol error is counted from a reconstructed image in the decoding process, even if the 
laser wavelength in the reconstructing process is shifted by AX=3nm in the recording process, the symbol error count is 
lower than 100, and reproduction of user data is possible [12]. 




Figure 9. Hit margin analysis of diffraction efficiency at medium thickness of 500 um. 




Figure 10. Wavelength margin analysis of diffraction efficiency at medium thickness of 500 um. 
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The defocus margin and de-truck margin of the HVD compared with DVD's specifications are shown in Fig. 1 1 and 
Fig. 12. When the symbol error count is under 1 00, the reconstructed image can be decoded to user data completely. The 
results of the experiment indicate that both the defocus margin and de-truck margin of collinear technology are over six 
times larger than those of DVD's specifications. 

















^^^^^^ 








































































































iflSII 



























Figure 1 1 . Defocus margin analysis of symbol error count compared with DVD specification. 




Figure 1 2. De-truck margin analysis of symbol error count compared with DVD specification. 



6. CONCLUSIONS 

We have developed a new reading and writing technology for HISS called Collinear Technology. Using this technology, 
2-D page data can be recorded as volumetric holograms generated by an information beam and a reference beam that are 
bundled on the same axis, and irradiated on the recording medium through a single objective lens. The optical 
configuration and the dichroic disc structure suitable for the system are presented. The recording and reconstructing 
processes demonstrate that the proposed HVD system and disc structure are indeed very effective for materializing a small 
optical storage system with huge density. With its unique selectable capacity recording format of HVD shows both 
downward and upward compatibility of different disc capacities. 
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practical and low cost HTO prcSc£ Er^ST CoS^ t, 1 margmS , ™ Ue »»**"4lomib»n, 
upper compatibility. P w technology can construct HVD systems with CD and DVD 

reliX"?^^^ 

transfer rate by mcorporatingSJw teSmnctl^i process, to balance the data density and the 

elucidate wr/the m areCe IS^^^'^Vl" 

Committee 44 fTC^ to HpvpL q ♦ j j • i proaucea in ^006. Ecma International has created Technical 
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